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HIRE AND MAINTENANCE OF CONTINUOUS-CURRENT MOTORS.
By HENRY JOSEPH, Associate Member.

(Paper first received 22 October, 1915, and in final form 11 April, 1916 ; read before the YORKSHIRE LOCAL SECTION 8 March,
and before the WESTERN LOCAL SECTION 3 April, 1916.)

The electricity-supply undertaking of which the author
has charge having carried on a small but successful
business in the hire of motors for the past 14 years, it may
be of interest to members if some particulars are published.

The company supplies continuous current, principally
for textile driving, in the town of Hawick in Roxburgh-
shire, the main industries of the district being the
manufacture of tweed and hosiery.

Table 1 shows the proportion of motors on hire at the
end of 1915 in mills and for various industrial purposes.

TABLE I .

Consumers' own motors...

Motors on hire-purchase...

Motors on hire

Totals ..,

No. of
Motors

174

IO

Il6

3OO

Total
h.p.

1,096

451

731

2,278

Average
h.p.

6-3

45-i

6-3

7-6

Practically the whole of the above motors are main-
tained by the author's staff ; and most of those owned by
consumers have been supplied through the company and
the driye arranged under their supervision.

HIRE TERMS.

Table 2 gives the present rates of hire.

TABLE 2.

Standard Hire Rates.

Horse-power

1
2

I
2

33
3f
4f
5
6
7

Quarterly Rental

£
O

O
I
I
I
I
I

2
2
2
2

s.
9

15
0

5
1 0

15
T7

0

5
7

1 2

d.
O

O
O
0
O
O

6
0
0

6
6

Horse-power

9
1 0
1 2

15
18
2 0

25
30
40
5o

Quarterty Rental

£
2

3
3
3
3
4
4
4
4
5
6

s.
15

2

5
7

1 0
0

5
1 0
1 2

2

5

d.
O

6
0

6
0
0
0

0

6
6
0

These rates have been considerably increased from
those of the early days, since the original terms were found
to be inadequate. At first, quotations were given for the

hire of motors after the cost of each installation had been
calculated. During the past four or five years it has been
found more convenient to adopt a definite rate per horse-
power for standard motors. Special motors, such as low-
speed or geared ones, are not let on hire unless they
happen to be in stock.

The hire rate includes the motor complete with pulley,
starter, main switch, cut-outs, shunt regulator, and slide
rails, if these are required, all fixed and connected up.
The hirer pays for belting and the cost of mains from the
service (or from the nearest available point of supply)
to the motor and starter. The result is that practically the
whole of the material is returnable on dismantling and only
the cost of labour is lost.

The rental covers the cost of all maintenance and
renewals. New brushes are fitted when required, and no
question as to whether the company is liable ever arises in
the event of a breakdown. Damage occasionally occurs as
the result of carelessness or negligence on the part of the
hirer's employees, but it has not been considered good
policy to raise the question of liability in such cases. They
do not often occur, and the inconvenience caused to the
user by a breakdown is quite sufficient incentive as a rule
for him to urge his employees to treat the motor carefully.

It is to this policy, coupled with prompt attention to
repairs, that the success of the hire system is largely due.
Consequently consumers are quite willing to pay in most
cases rentals which are admittedly high in comparison
with the purchase price of the motors.

The company safeguards itself against loss due to a
motor being hired for a short period and then returned, by
inserting a clause in the hire agreement by which the hirer
undertakes to pay an agreed sum to cover the cost of
installation and removal in the event of a motor being
returned before the expiration of a stated period.

It may be urged that the scale of charges is not quite
proportional to the usual cost of motors of various makes,
and that the rental is a higher percentage of the cost of the
smaller motors. This is so, but the maintenance of a
small motor is always relatively more costly, for reasons
which will be readily understood.

Motors up to 10 or 12 h.p. are much more liable than
larger machines to armature breakdowns, partly on account
of the small size of the conductors. The field coils of
small motors are as a rule more liable to injury from damp
or oil. They are less accessible and cannot be so easily or
thoroughly cleaned, and they are often so near the magnet
frame that dirt gets lodged between the coils •and the ir6n.
Minor troubles with brush-gear, etc., are relatively much
more expensive in small motors than in large ones.

One might reasonably expect that motors would only be
hired by small firms with limited capital, but this is by
no means the case. Nearly all the hosiery mills, among
them some of the largest in Scotland, hire their motors.
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They prefer to confine their attention to their business and
to hand over the whole responsibility of their electric
drive to the supply company.

Consumers possessing their own motors are encouraged
to insure them against breakdown. In a few cases the
company lias undertaken such insurance, but this policy is
not persisted in. They are now usually advised to insure
them with an insurance company whose rates are quite
moderate, but in comparing their premiums with the
supply company's hire charges one has to bear in mind
that the former indemnifies the user against breakdown
pure and simple, whereas the latter under their hire terms
undertakes maintenance, supply of brushes, and the
replacement of the motor or any parts that may be worn.
In the event of a minor breakdown, a man is promptly on
the spot to carry out repairs on site if possible. If the
trouble cannot be quickly remedied another motor is fixed
as quickly as possible. For mill work these are important
considerations.

FINANCIAL RESULTS.

Table 3 shows the number and horse-power of motors
let on hire each year since 1902, with the corresponding
capital cost and rental per horse-power.

TABLE 3.

Year

1902
I903
I904
I9O5
I906
I907

I909
I9IO
I91I
1912

Added

No.

5
26
IO
IO

8
9
5

14
6

IO

3
4

- 5
7

in Year

h.p.

16
56

IOI

56
39
44
31
58
2 0

126

5
92

9
78

Total to Date

No.

5
31

.4 i
51
59
68
73
87
93

103
106

n o
105
1 1 2

h.p.

16
72

173
229
268
312

343
401
421

547
542
634
643
721

Average
h.p.

3*2
2'3
4"2
4-5
4'§
4 6
47
4-6
4*5
5'3
5"i
57
6" 1
6-4

Per horse-power

Capital
Cost

£
14*0

*5 3
1 0 5
1 0 7
1 0 5
1 0 2

9 3

8*i
7-0
7-0
6-2
6 0
5*4

Yearly
Rental

s.
12*1
2O"6
15-8
17-1
22'5
22"4
22*O
23'4
29'5
24*0

25-0
22"O
23-2
22'2

1914
1915

The former shows a steady fall owing to the lower
prices of motors, the higher average horse-power, and
the fact that as time goes on some motors are in use which
have been hired out before and consequently have had
their cost written down. Mains and other incidental
charges were included in some of the earlier installations,
thus further enhancing the capital cost.

Table 4 gives the total capital cost to date, with the
corresponding maintenance costs and gross and net rentals
for each year since 1902.

It will be noticed that, ignoring occasional years when
exceptional conditions may have prevailed, there is a
gradual increase in the percentage cost of maintenance
due to the ageing of the bulk of the motors. This figure
will probably settle down to an average of about 6 per
cent on the capital cost.

During the last five years the gross rentals amounted
to about 18 per cent of the capital outlay, the lower rates
received from the earlier motors having reduced this from
about 25 per cent, which is the average rental obtained on
the total cost with new motors during this period. Taking

TABLE 4.

Year

1902
1903
1904

1906
1907
1908
1909
1910
1911
1912

1914

Capital
Cost

to Date

232
I,IOO
1,824
2,432

2,807
3.I71

3.197
3.431
3.425
3,820

3.779
3-93O
3,861
3,88i

Gross Rentals

Per
cent

Maintenance

IO
74
137
I96
3OI

35O
378
469
621

655
680
697

745
802

4-2
6-8

7-5
8-i
107
iro
n-8
137
181
171
18-0
177
i9"3
2O"6

14
34
52
137
122
116
146

274
205
250
214
243

Per
cent

O2
o-8
I#4
i-8
4"3
3-8
3'4
4"3
7-2
5'4
6-4
5"5
6-2

Net Rentals

Per
cent

IO
72
123
162
250
213
256
353

4-2
6-6
67
67
8-9
67
8-o

103
476 , 13-8
381 I 9-9
477
447
54°

12-6
11-3
13-8

559 , I4-4

the former figure and deducting 6 per cent for mainten-
ance, we are left with a net rental of about 12 per cent,
part of which is allocated to revenue and the balance set
aside to a redemption fund for writing down the value of
the motors when returned from hire.

EQUIPMENT.

The motor store and repair shop consists of a substan-
tial wooden shed 30 ft. long, 16 ft. wide, and 9 ft. 6 in. high
to the eaves. Adjoining it is a lean-to store 30 ft. by 14 ft.
The floor is of concrete 3 in. thick on a hard bottom, and
a double row of railway sleepers chamfered on both edges
so as to dovetail into the concrete are laid down flush with
the floor for fixing down motors for testing purposes. A
2-ton overhead travelling crane is installed, cupboards and
pigeon holes for insulating material, spares, and starters,
being fitted round the walls. Spare pulleys are kept on
inclined tubes projecting from the walls, each tube hold-
ing four or five pulleys of one diameter but of different
widths and bores. The equipment of the shop unfortu-
nately does not include a lathe, but armatures are easily
transferred on a low bogie to the workshop adjoining the
engine room, where there is a lathe available for turning
up commutators or belting armatures.

The equipment of the motor shop includes a bench with
a couple of vices, and a lower bench to take an arma-
ture on a pair of portable stools. These, together with
the cupboards and pigeon holes, are on one side and the
far end, the opposite side being kept clear for the storage
of motors. There are a pair of large doors on the front
end to allow a cart or motor lorry to back in under the
crane.

Over the armature bench is a set of resistance units in
parallel, each being capable of being cut out by means of
a switch, and the whole being broken at a pair of ter-
minals to allow of testing currents from 0*20 to 20 amperes
being used.
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The adjoining lean-to building contains various stores
other than motors, starters, regulators, pulleys, etc., which
are needed in connection with motor work.

It is most essential that proper tackle should be at hand
for carrying out with as little delay as possible whatever
operations are needed. This tackle includes shear-legs,
handcarts, a 5-wheel bogie, two or three chain blocks for
light or heavy lifts, pinch-bars, rope slings, battens, span-
ners, pulley drawers, etc., each kept in a definite place
ready for taking out on to a job.

STOCKS.

The following stocks of motors, etc., are usually kept
on hand. They represent a fair average, though frequent
changes sometimes lead temporarily to a depletion of one
size and an overstock of another.

No.

I
2
I

3
2

3
3
3
3
4
1

1

Motors

Horse-power

40 to 50
3O
2O

15
IO

7*
5
3
2
1

No.

I

3
2
1
1

3
4
5

, 5
* 5

6
2

1

Starters

Horse-power

80
40 to 50

3O
2O

15
IO

l\
5
3
2
1

\

1

Shunt regulators.—Twelve, from 0*15 ampere to 3*5 amperes
(maximum).

Pulleys.—Sixty, from 3 in. to 15 in. diameter.
In addition to the above a stock has to be kept of every

size and type of brush in -use in the town, both on con-
sumers' own and hired motors. There are over 40 of these
and they are each given a number, which is also painted
in large figures on the motor frame. These numbers are
used both for ordering new brushes and to facilitate the
sending of the correct ones to consumers.

CARD SYSTEM.

The card system in use is illustrated in the adjoining
column. On the front of the card at the top are particulars
of the motor. Underneath are six spaces for entries of par-
ticulars of various drives on which the motor has been used
(quite a number of these cards are full up, the motors in
question having been on six or more#drives, perhaps some
of them temporarily during repairs to other motors).

On the other side any repairs or other incidents in the
history of the machine are 'noted.

BREAKDOWNS.

Before describing the prooedure in the event of a
breakdown, it is well to point out that the company act as
wiring contractors and always have a staff of wiremen
available. The permanent wiremen and mains staff are

all trained for motor work, and one man in particular
spends most of his time on motor repairs and is as often
as not in the works and readily available for emergency
calls.

Type
H.p : Speed...
Motor No....

Type of Starter, etc
Pulley

N
o.

C
on

.
N

o.
C

on
.

N
o.

C
on

.
N

o.

8

N
o.

§
:

6
JZ

C
on

.

Name

Address

Driving

Name

Address

Driving

Name

Address

Driving

Name

Address

Driving

Name

Address

Driving

Name

Address

Driving

Volts
A rtn ature No

Brushes

Date

Date

Date

Date

Date

Date

Changing a motor.—If a report of a breakdown is received,
a man is sent out at once and reports by telephone if the
failure is such that it cannot be repaired quickly on site.
In that case he sets to work to get the faulty motor dis-
connected and removed from its bed. Particulars of the
drive at the same time are ascertained at the works and a
suitable motor selected from stock. Sometimes one can
be found, perhaps larger than is necessary, but which is
already fitted with a pulley near enough to the right size.
If a little too small, a temporary shunt regulator may be
fitted.

Of course it is impossible to stock all possible varieties
of pulleys of various diameters and bores, consequently it
frequently happens that a stock pulley has to be bored out
or bushed and a new key-way cut. If this is necessary il
is put in hand at once and fitted after the motor is in place.

A motor or horse lorry is ordered, preferably the former,
several being available for hire in the town, and the motor
is slung up and very little time lost in getting it on site.

Battens are taken to the job with it, and as the old bolt
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centres are probably wrong it may be necessary to screw
battens down with the old foundation bolts (if these afe set
in concrete), recessing the heads below the surface of the
battens and coach-screwing the motor down to them.
Usually, however, motors are already fixed on battens
wide enough to allow of considerable variation in bolt
centres, so that little time is lost in fixing down another
motor to them.

As a motor is often fixed in a room which can only be
reached by taking it up two or three flights of stairs, a
good deal of experience and some ingenuity is needed in
handling it quickly and safely. For this purpose a U-shaped
clamp with a set-screw is used to fix a chain block to a
joist, or else a hole is bored through a floor and an eye bolt
with a large washer fixed. If the staircase is an open one
it is easy to " sling" a motor from floor to floor, otherwise
a pair of long battens are laid down on the stairs and the
motor slid up them by hauling with a chain block. Some-
times in the case of small motors, up to say 5 h.p., it is
quickest to remove both end shields and take out the
armature, when the motor can be carried up in pieces.

In the case of larger motors one has often to contend
with such difficulties as rolling them across weak wooden
floors in a mill. Long battens are kept in the stores for
such purposes in order to distribute the weight over the
floor. .With constant experience in this kind of work one
gets into the way of improvising simple devices for particular
cases.

Great delay has often occurred in the past in removing
pulleys. These are sometimes made to fit the shaft too
tightly and are driven on hard. They are best shifted
with a pair of screw pulley drawers. Keys also are a
fruitful source of delay, and to obviate this they are now
always fitted with gib heads. One or two types of key
drawer have been tried, but with varying success. If keys
and pulleys are only fitted properly in the first place and a
film of oil put on the shaft, very little trouble is likely to be
found in removing them again.

In many cases, e.g. where pulleys, etc., give no trouble,
a small motor up to say 5 h.p. can be changed in an hour
and a half from the time of the breakdown, but possibly a
more usual period from the notification of stoppage to the
time a new motor is running is double-this.

Large motors cannot of course be handled nearly so
quickly. There is less likelihood of pulleys being right,
owing to there being fewer motors to choose from ; moving
is less rapid in the mill, and time is lost in taking on and
off heavy belts; but by having men working simultaneously
on the old and new motors while at the same time the pulley
is being prepared, if necessary it is by no means impossible
to change a 30-50-h.p. motor in 2\ to 3 hours.

Repairs on site.—A man having been called to a motor
sets to work at once to find if the trouble is due to the
starter or any part of the switchgear, or to the armature,
field, brush-gear, or wiring. The majority of stoppages
are due to starter troubles, and of these the bulk are
caused by burnt-out resistances or open-circuited hold-over
coils, these fairly frequently failing at the leading-in wires.
Most starter defects can be remedied, at any rate tempo-
rarily, on site. If not, a fresh starter is telephoned for. In
the case of a large motor it is usually quicker to repair a
fault on a field coil on site than to change the motor. It
means of course removing one end, taking out the arma-

ture, and perhaps removing a pole-piece to get the coil out.
By cutting away the outer tape before dismantling one can
usually judge as to whether the trouble is sufficiently near
the surface for a fairly quick repair to be possible. If the
breakdown occurs in the afternoon a large motor is never
changed for a field-coil repair unless it is a genuine burn-out.

In the case of armature faults it is often possible to make
a temporary repair on site which will keep the motor
running until a week-end. The commonest fault, especially
in small armatures wound with fine-gauge conductors, is a
break at the point where one of the ends bends away from
the coil. One can frequently get over this in lap-wound
armatures by soldering across the commutator lugs.

TYPICAL BREAKDOWNS.

A few typical cases of breakdown may be instanced.
(1) Commutator broken down to earth.—On taking off the

commutator ring it is found to be charred at one place and
a shallow hole burnt nearly through it. The best plan is
to dovetail a piece of mica neatly into the place, having
carefully cut away the burnt portion and fitted the new
piece which is held in place with shellac varnish. " Plas-
mica " and some of the similar materials on the market are
very useful for filling up small holes burnt in commutator
insulation.

(2) Bearing seized, white metal run out and armature let
down on to pole-pieces.—Sometimes this leads to the con-
ductor being cut partly through and to a complete re-wind
being necessary. Especially is this liable to happen if the
motor is driving machinery with considerable inertia.
More usually some of the belts are cut through and the
conductors unharmed. One should never neglect to look
to the bearings for the trouble where a band is found coiled
up between the armature and the pole-pieces for no
apparent reason.

(3) A short-circuited coil.—A temporary repair sufficient
to keep a motor running at a moderate load till shutting-
down time can often be effected by simply cutting out the
faulty coil and bridging across adjacent commutator bars,
always provided that the armature is a parallel-wound one.
It is inadvisable to let a motor run too long in this condition
as the trouble is apt to spread.

In one or two instances the spaces between the radial
bars have been found to be filled up tight with grease and
fluff from the wool, and this has broken down and short-
circuited the coils, necessitating a re-wind.

Fairly often troubles occur on a badly designed brush-
gear through the springs failing to follow up adequately
the wear on the brush, causing the latter to chatter and
come out.

Field coils suffer not infrequently through an accumula-
tion of oil in the motor case rotting either the bottoms of
the lower fields themselves or the field connections.

Breakdowns have occurred to field coils through the
ferrule insulation perishing through the combined effect of
heat and age. These troubles often show themselves when
a motor has been moved, the insulation cracking and the
winding earthing through the ferrule on to the core.

REPAIRS.

The surest way to keep down the cost of repairs is to
educate one of the hirer's employees to keep the motor
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clean and the artnature and field coils blown free from
dust, to see that brushes do not wear down too far, and to
keep a proper level of clean oil in the bearings. As a
breakdown entails interruption of the user's business he
will usually see that one man is made responsible for a
particular motor and that he gives it ten minutes or so of
attention, say, once a week.

Inspection.—It was at one time thought that periodic
inspection would lead to a diminution of breakdowns, but
this after being tried was abandoned. Such inspection, to
be thorough, was a lengthy business ; visits could only be
made at fairly long intervals of time, and breakdowns
occurred just the same between visits. Financially it has
been found more advantageous to risk a motor running till
it fails, than to inspect 20 or 30 motors on the chance of
detecting one which needs attention. When the com-
pany's men are working in a mill they examine any motors
in the particular section in which they are at work and
report if they observe anything out of order. Otherwise,
reliance is placed on reports of unsatisfactory operation
from the users.

Although in most cases motors are kept fairly clean
there are occasional instances of their being allowed to
run without any attention whatever. A year or two ago
instructions were received to attend to a 10-h.p. motor in a
joiner's shop. The machine belonged to the joiner and he
had such faith in it that he had never touched it since it
was installed, that is to say for a period of nine years.
The fuses had blown and it was found that the case was
completely full of oily sawdust which had wedged itself so
tightly between the core and the pole-pieces that the fuses
blew from overload. The motor was quite unharmed and
had merely to be taken to pieces and thoroughly cleaned.

General overhaul.—When a hired motor needs general
overhaul the following procedure is adopted.

It is taken entirely to pieces, the commutator turned, the
mica recessed, and the armature and field coils varnished
with a suitable insulating varnish. Bands are inspected
and if at all slack are replaced, and fresh whip-cord if
necessary wound on. Bearings are inspected and re-
white-metalled if necessary, or in the case of bushes new
ones fitted if required or the old ones lined with white-
metal. The brush-gear is taken to pieces and overhauled,
and the frame thoroughly cleaned with petrol and finally
painted. The colour is a grey, but the actual shade is
changed each year thus giving a rough guide as to how
long a motor has run since the last overhaul. Finally, the
machine is run for' 8 hours at full load driving another
motor as a dynamo, and if satisfactory it is ready to be sent
out again. It is believed that by sending out a motor
smartly painted and looking like new it is likely to receive
more careful attention than if issued in a shabby condition.
There seems to be no doubt that the user takes a pride in
keeping it in good condition.

Re-winding armatures.—When a re-wind is necessary it
used to be the practice to send the armature away, but
now the repair is usually done at the works, the necessary
coils being bought from the makers.

The question frequently arises as to whether in a par-
ticular case it pays to re-wind rather than replace one or
two faulty coils. It is very annoying after fitting a couple
of coils to find that another has been damaged in lifting.
It is still more provoking if the second failure does not

occur until the armature has been belted and the motor
re-assembled and tested. If the original faulty coils have
been overheated to such an extent as to be useless as a
guide to the condition of the rest, it is probably a good
plan to scrap an additional coil and bend the wire to see if
the cotton is perished and breaks easily. If so, it should
certainly be re-wound, because the coils which have to be
lifted are almost certain to be damaged during the process.
The exact point at which one may feel justified in con-
fining the repair to the replacement of a few coils can only
be judged by experience.

It is unnecessary to go into details as to the methods of
repair as these are familiar to any armature winder.

Armatures should of course have a preliminary fall-of-
potential test before the ends are sweated into the
commutator. In connection with voltage-drop tests
generally, the author would draw attention to what he
believes is a fairly common error, namely, putting the
current leads on opposite ends of a diameter or separated
by an angle corresponding to the brush positions. If this
is done and there are equalizing connections, confusion is
apt to arise, especially if, as is sometimes the case, one or
more equalizing wires are broken. If the current leads as
well as the millivoltmeter leads are both applied to
adjacent bars, the effect of possible trouble with equalizing
connections is eliminated.

Repairs to field coils.—Quite successful repairs have been
carried out to shunt field-coils that have started to burn
out but have been detected before very serious damage
has been done. A number of turns may be entirely taken
off to eliminate the fault. If the quantity of wire removed
is an appreciable proportion of the total, a new length is
wound on and jointed by means of a sleeve with binding
screws. It is considered advisable to avoid soldered con-
nections in a field if possible, and the old wire is cut back
to enable the connector to lie against the ferrule, great
care being taken in insulating it. Occasionally in an
emergency where a large motor cannot be easily replaced,
a burn has been cut out, leaving quite a number of ends to
be joined up. These are tested out and must inevitably be
soldered. One or two motors with fields repaired in this
way have since run for considerable periods without any
further trouble. Such jobs need considerable patience.
The soldered joints are insulated from the adjacent turns
with mica.

Effect of cutting mica on the cost of brushes.—While on the
subject of repairs one cannot lay too much stress on the
importance of recessing the mica below the surface of
the copper on the commutator. The saving in brushes
is most marked, and in a few instances in particular it is
little short of astonishing. Motors which have been known
to consume a set of brushes in three weeks will go for
12 months without a single new one. The wear on the
commutator in such cases before this treatment is of
course excessive.

Table 5 gives the annual cost of carbon brushes for the
past 10 years, together with the corresponding percentage
of capital to date and the cost per horse-power and per
motor.

It is only during the last four years that a general rule
has been made of recessing the mica as a means of curing
all motors which are liable to spark badly. This process
took some time and it was probably well into 1914 before
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all the worst cases had been dealt with. Consequently,
the improvement in costs which is best seen in the last
column is gradual since 1911, but it is very marked. Part

TABLE 5.

Annual Cost of Brushes.

Year

I906
I9G7
I908
1909
I9IO
1911
1912
1913
1914

i9J5

Cost of Brushes

£ s.
l6 II
22 3

19 2
23 19
27 18

37 0
27 2
25 11
18 18
20 2

d.
I

9
6
7
7
9
2

11

4
1

Percentage
of Capital
to Date

°*59
0 7 0
o*6o
0 7 0

o-8i
0-97
0 7 1
0-65
0-49
0-52

Cost per
Horse-power

s.
I
I
I
I
I
I
I
O
O

O

d.

3
5
1

2

4
4
0

1 0

7
7

Cost per
Motor

s.
5
7
5
5
6
7
5
4
3
3

d.

7
6
3
6
0
2
1

9
7
7

of this saving, but certainly not the major portion, is due
to buying direct from the brush manufacturers instead of
from the motor makers, this change having taken place
in 1912.

CHOICE OF A MOTOR.

An effort has been made in recent years to adopt a
standard motor, past experience having shown up a
number of defects in various makes.

The principal points looked for are a liberal rating
without undue fweight and bulkiness, ease of dismantling,
large bearings, and an accessible commutator. Suitable
brush-gear is also *a consideration. No brush-holder
except of a positive radial type should be fitted to a
motor. Old motors with obsolete brush-gear have been
wonderfully improved by changing the holders.

Ball bearings should be avoided, for they are most
unsatisfactory. Narrow pole gaps are also a great source
of trouble. The small saving in efficiency is certainly out-
weighed by the greater risk of armature breakdown caused
by a faulty bearing. Bearings inevitably wear; therefore
such breakdowns are inseparable from motors with narrow
air-gaps.

Needless to say, price is the least consideration when
one has to be responsible for the upkeep of the motors.
Hence cut prices and extra high speeds are avoided. On
the other hand, very low-speed motors are unsuitable, on
account of their size, for general hire work.

British motors are obtainable which fulfil most if not all
of ithe above conditions.

CHOICE OF A STARTER.

It is unfortunately a fact that motor starters have not yet
reached a very high state of perfection.

We were told that coils of wire must be avoided and
cast metal grids substituted, but the metal grids break in
•handling the starter and are also condemned. Then we
•were told that self-contained non-corrodible carbon units
were the most satisfactory ; but these are found to give
more trouble than their predecessors and are far more
difficult to repair.
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There, are, however, some fairly good carbon-resistance
starters on the market, and some of these look like develop-
ing on the right lines ; but among starters that have been
in use long enough for all their faults to develop, the author
has not yet been able to find one which combines a good
resistance element with sound switchgear.

Undoubtedly carbon with its negative temperature
coefficient is the right material for starting a large motor.
The largest motor on the author's mains is one of 250 h.p.
which is started with a carbon resistance. This motor has
a rope drive, and on the first contact takes 100 amperes.
This current slowly increases and the motor begins to
strain at the ropes until at about 160 amperes it slowly
starts to move. Not only does such a start save unneces-
sary shock to the conductors of the motor, but it minimizes
the disturbance to the supply. The question of drum
versus lever-type starters for motors over 50 h.p. resolves
itself into a question of design. Drum starters are unfortu-
nately so cramped with blow-out coils, supplementary
resistances, and various connections, that the author would
prefer lever starters if it were not for the great difficulty
in so making them that the handle can be relied on to
fly back against the very considerable friction due to the
pressure required to ensure contact for heavy currents.

STARTER BOARDS.

Where one has been able definitely to standardize
starters and switchgear it is probable that the soundest
job is to mount the starter, main switch, and fuses, on a
standard iron frame, such standards covering a certain
range of horse-power. But where, as at Hawick, the
business has been gradually built up, and a great variety
of starters are in use, sometimes with and sometimes
without a shunt regulator, it has been found more con-
venient to mount them on a wooden board plugged flat on
the wall and covered with asbestos-cement sheet. All
wires are carried on the face of the board and fixed neatly
with cleats. Any item of switchgear can thus be changed
without difficulty in the shortest possible time, and one .
need never look for wiring troubles because all wires are
in sight. Mains are also run on cleats, a short run of
screwed tube only being used from the starter to the
motor.

CHOICE OF A DRIVE.

The question of individual versus small or large group
drives has been so often a subject of discussion before the
Institution and elsewhere that it is not proposed to express
any opinion on this matter. Suffice it to say that at
Hawick small groups are the rule except in one or two
tweed and spinning mills where large group drives have
been installed on account of the saving in initial outlay.
Individual drives for looms, etc., with continuous-current
motors are of course out of the question. The author
wherever possible prefers a belt drive to any other (except
for heavy drives where ropes are preferable).

Owing to the peculiar local conditions, the variety of
motors in use, and the large»number of changes, it is far
more convenient to drive by belt. In a very few cases
chain, gear, or direct drives are in use, but the difficulty in
making quick changes of motors is vastly greater than
would be the case with belt drives.
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Motors are preferably fixed on the floor, as they certainly
receive more attention in this position. Occasionally there
is no alternative but to mount them on brackets or hangers,
or to hang them inverted from the ceiling.

For motors of moderate size it is usual to coach-screw
them to battens, screwed or bolted to the floor. This
again facilitates changing. When they are mounted on
concrete foundations the usual plan is to sink a pair of
battens in the concrete. If suitably placed apart a fairly
large range of motors can be screwed down to them.

When power is required in damp places, such as dye-
houses or milling houses, it is very necessary that the motor
should be outside the actual house. In most cases it is
possible to find an adjoining building into which the shaft
can be extended, but occasionally a small brick lean-to has
been built.

For large motors, say over 50 h.p., which cannot be

easily replaced at short notice, it is advisable to keep a
spare armature and field coil. In the case of a large mill
with a number of similar groups the author recommends
the installation of duplicate motors as far as possible
throughout, keeping one complete motor as a stand-by.
This has been done in a fairly recent case, the motors of
course not being hired but owned by the consumers.

In conclusion, the author, while admitting that there is
very little that is in any way novel in this paper, trusts that
it may be of interest to engineers wishing to obtain a larger
power load by letting motors on hire. He also hopes that
it may lead to an exchange of opinions and experience on
a subject which has not received much attention by the
Institution.

Acknowledgments are due to Mr. H. C. Babb, till recently
Chief Assistant Engineer at Hawick, for valuable assist-
ance in the preparation of the paper.

DlSCUSSIOX BEFORE THE YORKSHIRE LOCAL SECTION, 8 MARCH, 1916.

Mr. Roles. Mr. T. ROLKS : I am particularly interested in this paper
as the electricity-supply undertaking of the Bradford
Corporation was, I believe, the first in this country to
let electric motors on hire, a scheme for this purpose
having been introduced in 1896 by Mr. A. H. Gibbings,
then Borough Electrical Engineer. The hiring scheme
in Bradford is therefore now in its twentieth year, and the
prime cost of motors—both continuous and alternating
—let out on hire at the present time is about £53,000.
Up to the year 1907 only continuous-current motors were
hired out, and machines of this type are still in the
majority. The motors range in size from 300 h.p. down
to ^ h.p., machines of 4^ to 5 h.p., which are largely used
for cranes and hoists, being the most numerous. The hire
rates which the author states are charged at Hawick are
somewhat higher than those in force in Bradford, and I
note that such rates have been increased considerably since
the early days of the undertaking. I believe that our hire
charges have never been increased since the scheme was
inaugurated, nor have they been reduced, except for some
of the larger motors, and I do not think that any general
reduction is likely to be made in the near future, at any
rate for motors up to 10 h.p. Consumers have not been
encouraged to adopt the hire system for motors of over
30 or 40 h.p., as such machines are too bulky to be easily
dealt with, and when for some reason or other a motor
of such size is returned into stock there is a possibility
of its remaining out of commission for some time, during
which, although depreciating in value, it is bringing in
no revenue. Our hire rates were, I believe, based origin-
ally on 10 per cent of the cost of the motors only, the
charges covering the hire of the motor, slide rails, and
starter—we do not supply switches or cut-outs. The
charges were certainly low in view of the prices ruling
in those days, but the idea was apparently to sell current
for power purposes. The figure of 10 per cent is mani-
festly insufficient to cover repairs, maintenance, inspection,
interest, and depreciation. If 15 years be taken as the life
of a motor, a life which can now be safely assumed—as a
matter of fact, there are some motors still on hire in Brad-
ford which have been running for over 15 years—deprecia-
tion would equal nearly 7 per cent, and about 4 per cent

interest should be allowed on the outlay. Under these Mr. Roles,
conditions the average amount to be set aside yearly
for interest and depreciation would be nearly 9 per
cent, leaving only about i£ per cent to cover repairs,
maintenance, and inspection, which is obviously insuffi-
cient for this purpose. I think that the annual charge
should not be less than 15 per cent of the total cost of
the motor, with slide rails and starter. I notice that at
Hawick the rental covers the cost of all maintenance and
renewals. At Bradford such is not the case—I believe
we still charge for brushes. The cost of these to con-
sumers is, however, now very small and is rarely objected
to, but in the past it was often considerable. Again,
any other damage than that due to fair wear and tear
has to be paid for by the hirer. Probably at Hawick
most of the machines are used for textile work, and con-
sequently there is little risk of damage, but at Bradford
the conditions are very different and I may mention as
an instance a motor recently installed in an acid factory.
Although we were assured that there were no acid fumes
which would be likely to have a deleterious effect on the
machine, it had only been in use a month or so before
the windings had become completely ruined. I do not
think that in cases of this description the undertaking
should be at the expense of making the damage good.
From the figures I have previously quoted it will be
gathered that during the first few years the Bradford
motor-hiring scheme was in operation there was little
or nothing left for depreciation after the expendi-
ture on repairs, maintenance, and inspection had been
deducted from the income for hire. We had, therefore,
to pursue the same course as that which I observe has
been adopted at Hawick, and in 1906 a sum of over £7,000
was taken out of the general profits of the undertaking
to cover depreciation on hired motors. Since that time
we have yearly set aside a sum for depreciation purposes,
and the hire department is now in a very satisfactory
position; in fact, taking into consideration the extent to
which the prices of electric motors have increased during
the past two years, there is no doubt that we could
at the present day dispose of our motors at a con-
siderable profit on their present book value. Practically


